Preliminary photometric data for SN 1998A are presented, showing that it increased in brightness by 1.0 Ϯ 0.1 mag in R and I over the 80-d period following discovery. Maximum brightness occurred approximately 70 d after discovery, centred within a broad plateau-like peak lasting about 30 d. The shapes of the light curves during the entire 170-d period are similar to those of SNe 1987A and 1909A, suggesting that SNe 1998A and 1909A may also have had blue supergiant progenitors. Spectroscopic and further photometric study of SN 1998A will allow more detailed comparisons between this and other unusual Type II supernovae.
I N T R O D U C T I O N
The Perth Astronomy Research Group (PARG) has established a southern hemisphere supernova search using Perth Observatory's 0.61-m Perth-Lowell automated telescope and the University of Western Australia PARG CCD camera (Williams 1997) . Conducted since 1993, the goal of the PARG supernova (SN) search is to examine local galaxies with sufficient regularity to determine accurate supernova rates, as well as to discover supernovae bright enough for extensive further study. SN 1998A was discovered by the automated system on 1998 January 6.72 UT in a 180-s red-band image of IC2627 (Woodings et al. 1998a) . It was later identified from a spectrum as a supernova of Type II with well-developed P Cyg Balmer lines (Filippenko & Moran 1998) . We present preliminary photometric data in the V, R and I bands showing that SN 1998A increased in brightness by 1.0Ϯ0.1 mag over the 80-d period following discovery (Woodings et al. 1998b ). This type of light curve seems to have been rarely observed in the past, with the rate of change of brightness during this period similar to that observed in SN 1987A. Fig. 1) is a late-type spiral (Hubble Type Sc) with recession velocity 2076 km s ¹1 (Lauberts 1982) . Also shown in the 5 × 3 arcmin 2 field are SN 1998A in the western spiral arm and six surrounding stars used as photometric reference stars. The images were taken with the 61-cm Cassegrain telescope, using a liquidnitrogen-cooled CCD camera (with a Thomson TH7883 A chip) and a Bessel filter set. Between February 25 (day 50) and March 25 (day 79), the CCD chip was permanently replaced by an identical one but with 'MetaChrome' fluorescent coating to enhance the V response; limited observations were made during that period.
P H O T O M E T R I C M E T H O D
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Images in the standard V, R and I bands have been (and continue to be) taken following discovery of the supernova, and preliminary photometric analysis has been undertaken using DAOPHOT routines modified to run under Perth VISTA software (Williams et al. 1995) . With the supernova still present it is not possible to take template images of IC2627 in order to use the template subtraction method (e.g. Filippenko et al. 1986 ). We have conducted preliminary analysis using the DAOPHOT task NSTAR, which applies point spread function (PSF) fits to produce a set of differential instrumental magnitudes for the SN and six nearby stars.
Stars 2-5 were used to determine the PSF for each image, while the supernova and star 7 were omitted because of the presence of background light from the galaxy. Photometric data were then collected from all seven objects. For five of the six nearby stars, the standard deviation from constant magnitude is less than 0.025 mag, indicating that the change of CCD chip has not affected the accuracy of the photometry (Fig. 2) . The remaining star (star 4) is shown in the figure although it was discarded as a reference star.
After correcting the brightness of SN 1998A using the average stellar brightness of each image, the resulting data show the relative evolution of the corrected magnitude of the supernova over timethe relative light curve in each band. The true position of the curves on the apparent magnitude scale was determined, to an accuracy of Ϯ0.15 mag, by photometric comparison between the SN 1998A reference stars and photometric V, R and I reference stars chosen Mon. Not. R. Astron. Soc. 301, L5-L9 (1998) ᭧ 1998 RAS * E-mail: woodings@physics.uwa.edu.au Downloaded from https://academic.oup.com/mnras/article-abstract/301/1/L5/1058294 by guest on 11 March 2019 from Landolt (1992) . To put the light curves on an absolute scale, the distance modulus to IC 2627 was taken to be 32.5Ϯ0.5 mag (32Ϯ7 Mpc) without correction for interstellar extinction.
L I G H T C U RV E S
Relative light curves have been produced for the V, R and I bands, showing the increase in brightness by 1.0Ϯ0.1 mag (in R and I) over the 80-d period following discovery (Fig. 3) . The curve is not well sampled in places because of poor weather, modification of the CCD camera and alternative scheduling of the telescope. No V-band images were taken for the first three weeks of observations. A broad plateau-like peak occurred from day 45 to day 80, with maximum brightness measured on day 70. Between day 80 and day 105, the brightness fell considerably in all bands, to about the levels at which the SN was discovered. The precision of the curves, about Ϯ0.1 mag, is sufficient to show the 1-mag L6
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᭧ 1998 RAS, MNRAS 301, L5-L9 ¹1 resulting from Ni-Co-Fe radioactive decay (Kirshner 1990 ).
The brightness of SN 1998A increased by only 1.0Ϯ0.1 mag in R and I following discovery, but the core collapse may have occurred any time in the 19 d between 1997 December 18.8 UT, when IC2627 was previously searched for SNe (with limiting magnitude Ϸ18), and discovery on 1998 January 6.7 UT. Thus the difference between the two SNe may well be an artefact of the incompleteness of the SN 1998A light curves. Horizontally shifting one of the curves by 19 d produces a close match between the shapes of the two R light curves (Fig. 4) .
The low absolute magnitude and broad secondary peak of SN 1987A are thought to have been a result of its unusual blue supergiant progenitor SK -69 202 (Kirshner 1990 ). The initial short-lived peak of a supernova, resulting from the shock wave of the explosion heating the photosphere to a very high temperature, is seldom observed because of its brief duration of a few days. In the case of SN 1987A, the dense, high-mass envelope converted more
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᭧ 1998 RAS, MNRAS 301, L5-L9 of the thermal energy of the shock wave into kinetic energy of the expanding matter than for a normal Type II event, resulting in a less luminous, but more rapidly expanding, explosion. The thick envelope then acted to absorb the X-ray and gamma-ray photons emitted by the inner regions of the ejecta, leading to a gradual increase in the luminosity of the SN in the V, R and I bands, and a lower brightness at higher energies. Because the internally radiated energy takes time to diffuse out of the envelope, a time lag occurs and this is responsible for the relatively late maximum in luminosity. As the density of the material falls, the diffusion time drops and the luminosity eventually follows the decline of the radioactive source (Arnett et al. 1989) .
The similarity of the light curves of SNe 1987A and 1998A suggests that this type of progenitor and explosive mechanism may also have been responsible for SN 1998A. The intrinsic brightness difference of 1.3 mag between SNe 1998A and 1987A may largely reflect the uncertainties in the absolute magnitude scales caused by uncertain galaxy distances, extinction and photometric limits (0.3 mag for SN 1987A and Ϯ0.53 mag for SN 1998A without extinction). However, it is also possible that more 56 Ni was synthesized in the creation of SN 1998A, leading to a brighter but similarly behaved supernova. Both SNe 1987A and 1998A had lower maximum luminosities than a typical Type II event.
SN 1909A
Sandage & Tammann (1974) studied archival data on SN 1909A as part of their determination of the distance to M101 and its companion galaxies. By making measurements on photographic plates from Heidelberg, Lick and Mount Wilson and converting to the B system, they obtained seven values and several magnitude limits from which they constructed a B light curve. The SN was not present on a plate taken 26 d before its discovery, to a detection limit 0.8 mag fainter than the maximum of the supernova. B and V data for SN 1987A suggest that, for this type of supernova, there is not a great deal of variation between the shapes of B and V light curves so, as a test of similarity, comparison is made between the shapes of the B curve of SN 1909A and the V curve of SN 1998A (Fig. 5) . Owing to the uncertainties in the measurements, and the difference in the bands, no definite match can be made, but the light curves do have a similar general shape. Schmitz & Gaskell (1988) searched about 30 available Type II SN light curves with more than a few points and found three (SNe 1923A, 1948B, 1965L ) that they considered might be similar to SN 1987A, but were detected during the secondary peak. However, none of the corresponding light curves presented in their paper shows a clear broad peak and the limited data available for these SNe cannot rule out their being closer to typical plateau events (Type IIP) than the distinctly atypical SN 1987A.
Other SNe
The bright nearby event SN 1993J in M31, which was studied in greater detail than any supernova since SN 1987A (Filippenko 1997) , exhibited twin-peaked light curves of similar forms to those of SN 1987A, but the second peak was less broad than for SN 1987A (Benson et al. 1994; Richmond et al. 1994) , indicating a lower envelope mass.
C O N C L U D I N G R E M A R K S
The discovery and photometry of SN 1998A have yielded a supernova with unusual light curves, exhibiting a broad 1-mag peak over 80 d following discovery, with a rapid reduction in brightness after maximum. Preliminary photometry has produced the supernova V, R and I relative light curves to about Ϯ0.1 mag uncertainty. These light curves exhibit similarities to the light curves of SNe 1987A and 1909A within the first 200 d. Further V, R and I band images of SN 1998A will be obtained at Perth Observatory along with spectroscopic observations, which are being conducted using the Australian National University's 2.3-m telescope. Continued study of SN 1998A presents us with the opportunity to test the generality of findings from SN 1987A and similar unusual supernovae. 
